Abstract. Expert systems are computer programs that perform at the level of a human expert. An expert system has been developed that acts as an expert in managing a cotton crop. The system operates by using as its source of knowledge a sophisticated computer program which simulates the cotton plant growth, plus a set of 'if-then' type rules, plus a computer program called an inference engine. Comax determines the best strategy for irrigating, for applying fertilizer and for applying defoliants and cotton boll openers. Weather stations in the cotton fields automatically report local temperatures, radiation and precipitation to the system. Comax reevaluates its recommendations daily. Comax has been tested on several farms with excellent results. This system is currently in use by over 400 cotton growers.
Introduction
Expert systems are computer programs that perform at the level of human experts in a limited domain. The expert Comax (for Crop Management Expert System) has been developed to act as an expert in cotton crop management. The system has a knowledge base consisting of a sophisticated cotton plant simulation computer program, a set of 'if-then' rules, and a computer program called an inference engine. Comax determines the bets strategy for irrigating, applying fertilizer, and applying defoliants and cotton boll openers. Sensors in the cotton fields automatically report weather conditions to the system, and Comax reevaluates its recommendations daily. Comax was tested on a large farm in 1985 and demonstrated excellent results in reducing the unit costs of production. The test was extended to a dozen farms in 1986 with mixed results. It was further extended to about 50 farms in 1987 with continued mixed results.
Gossym: The Cotton Model
Gossym is the model of the cotton plant which is used by Comax. It is the result of the evolution of cotton plant modeling extending back over 30 years, with over 30 researchers contributing at some point in the development of the model.
Gossym simulates the growth and development of the entire cotton plant on an organ-by-organ basis: roots, stems, leaves, blooms, squares, and bolls. It also simulates soil processes such as the transfer of water and nutrients through the soil profile. For Gossym to make this simulation it needs data from mechanical and chemical soil analyses of the farm field to which it is being applied. This analyses can be performed by state-owned soil test laboratories, the Soil Conservation Service, or commercial laboratories. The specific data required are soil hydrologic properties, soil fertility, soil impedance (resistance to root growth), water release curves, and bulk density.
The model is driven by weather variables and requires, on a daily basis, such data as the maximum and minimum temperatures, solar radiation, and rainfall.
Gossym was written in Fortran and is capable of running on most computers, including microcomputers, such as the IBM PC. A complete simulation, from emergence to harvest, can be done in 6 to 8 minutes on a VAX 750 computer, and in 20 to 30 minutes on an IBM PC-AT.
In the research laboratory, a team of experts provides Gossym with input and interprets its output. Comax was developed to provide the input and to perform the analysis when Gossym is used for practical, on-farm decision making. This is the first attempt to integrate an expert system with a simulation model with the objective of optimizing crop production.
Comax
An expert system is a computer system with the capability of performing at the level of human experts in some particular domain. It is possible to build expert systems that perform at remarkable levels. While there are several methods for designing expert systems, rule-based systems have emerged as the popular architecture. Deriving their knowledge from relatively easily understood facts and rules, rule-based systems offer surprising power and versatility.
Comax is a rule-based expert system that operates Gossym the way a human expert would to determine three factors: irrigation schedules, nitrogen requirements, and the crop maturity date.
As shown in Figure 1 , Comax consists of a knowledge base, an inference engine, Gossym, a weather station, and data (for example, the seeding rate and soil parameters). 
